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Objectives of the Study

• To support the GOFC project by providing new 
data and data products for the world’s tropical 
forests

• To evaluate the application of data and products 
to tropical forest management needs through 
collaboration with several forestry management 
agencies in tropical countries, coordinated 
through a network of collaborating scientists

• To promote and strength linkages with national 
resource and forest management services 
collaborators for better dissemination of GOFC 
products
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Proposed Activities

• Development of New Datasets and 
Data Products (continuous fields)

• Product Validation, Evaluation, and 
Outreach (GOF SEA networks)

• Information Dissemination via TRFIC



Product 
Level

Product Description Spatial and temporal 
coverage

1a Raw TM and ETM+ from TRFIC, no atmospheric 
correction, georeferenced by system correction only. 

Focus area: 30m / 1yr
Regional: 30m/3yr

1b Raw VEGETATION and MODIS imagery, no atmospheric 
corrections, georeferenced by system correction only.

Focus area: 1km/month
Regional: 1km /month

2

Georeferenced and atmospherically corrected, normalized 
for sun and view angles, 30m and 1km resolution imagery 
from Landsat, supplemented with EO-1, SPOT, and ASTER 
imagery. Spatial accuracy ±60m

Focus area: (30m + 1km)/1yr

Regional: 30m/3yrs & 
1km/month

3a Forest Density (FD): Forest fractional cover computed from 
georeferenced ETM+ and MODIS/VEGETATION imagery

Focus areas: 30m/1yr
Regional: 30m/3yr & 1km/mo

3b Forest Density (FD): Estimated total green leaf area index 
and fPAR using MODIS LAI/fPAR algorithm, optimized 
for tropical forest.

Focus area: 30m/3yr

Regional: 30m/3yr & 1km/mo

Proposed Products



Science Implications
• New ways to operationalize the mapping of forest 

cover characteristics using direct parameterization 
of forest fractional cover

• Improved remote sensing data products for 
quantitative analysis of forest characteristics and 
changes including forest degradation

• New analyses will be a major contribution to 
carbon cycle research 

• Strengthened regional networks implementation 
and long term application of results



Heritage for the Research

• Started early in 1990s
• Various projects at MSU

– Landsat Pathfinder
– TRFIC (under NASA ESIP program)
– Southeast Asia research network (SEA)

• Started as IGBP/START and IGBP LUCC
• NASA LCLUC 
• APN carbon cycle
• Currently Active as the GOFC regional network for SE Asia

– Currently supporting NASA participation in Greening 
of the Globe initiative (Clinton Admin. Program 
proposed for FY 2001 through US AID)



Methods

• Development of New Datasets and Products
– Georeferenced Products
– Atmospheric Corrections

• Must be operational and easy to implement
• Require minimal ancillary data/inputs
• Accuracy vs. effort levels

– Bidirectional Correction
• Use BRDF models
• Be operational

– Biophysical Products
• Fractional cover
• Green leaf area index



Methods

• Georeferencing (For ETM+, currently done by 
NASA)

• Atmospheric Corrections
– Choice of

• Radiative Transfer Models (require atmospheric inputs, which 
are difficult to obtain on an operational basis)

• Pseudo Invariant Object Technique
• Dark Objective Subtraction
• MODIS algorithm Approach?
• New Approach



Methods

• Atmospheric Corrections
– New Approach (based on MODIS results)

• Combine models and known relationships of different 
spectral bands

• Known relationships between TM3 and TM5/TM7
TM3 = 0.50 TM7
TM3 = 0.66 TM5
Assumption: Deviation from these relationships is 

assumed to be a result from atmospheric effect. By 
using a radiative transfer model (e.g. 6S or 
MODTRAN), a proper atmospheric condition can be 
determined by comparing the scatter plots of these 
channels (TOA ref.) with simulated data.



Methods

• TM7 vs. TM3



Methods

• TM5 vs. TM3



Before and after ATM correction

Landsat 7 ETM+ 1999



TOA Reflectance

Surface Reflectance

Landsat 7 ETM+ 1999



TOA Reflectance

Surface Reflectance

Landsat 7 ETM+ 1999



Methods

• Bidirectional Correction
– Models to be tested

• Roujean et al., 1992
• Rahman et al., 1993
• Kuusk and Nilson, 2000



Bidirectional effect (evidenced 
from VGT)
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Kuusk and Nilson (2000)
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Methods

• Fractional Cover
– Unmixing Approach

Here, [D] is data matrix, [R] is response matrix, and [C] is the eigenvector 
matrix consisting of the relative contributions of the reflecting features.

[ ] [ ][ ]CRD  =



Methods
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Methods

• When only two components are considered, 
fractional cover can be estimated with
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• This equation can be used in vegetation index domain as well, which 
corresponds to geometric modeling
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VGT Amazon Example



VGT-FC Example
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Methods
• Green Leaf Area Index/fPAR

– MODIS approach
• Inversion of a radiative transfer model
• Specifically tuned for forest
• At a broader category
• To be implemented

– Empirical Approach
• Vegetation Indices
• MODIS VI is one of the candidates
• New index

– Synergistic use of SAR and Optical
• Some success, but need R&D



Product Calibration & Validation
• Calibration and Validation of Products will be made 

in three ways:
– Top Down Approach

• Validate large scales with fine IKONOS and airphotos

– Use existing data at our case study sites via SEA Network
• LCLUC data exist at Case Study sites with coincident TM and 

ETM+ images. Products developed will be calibrated and verified 
with existing data sets

– Collect supporting data at intensive sites
• Field works via SEA Network



• Thailand
– National Resource Council of Thailand
– Land Development Department
– Royal Forestry Department of Thailand
– Kesetsart University
– Mahidol University
– Chiang Mai University

• Malaysia
– University Kebangsaan Malaysia
– Department of Agriculture Malaysia
– Forestry Department Malaysia
– Malaysian Center for Remote Sensing (MACRES) 

Southeast Asia Science Network



• Philippines
– National Mapping and Resource Information Authority (NAMRIA)
– National Research Council of the Philippines
– National Economic Development Authority (NEDA)
– Philippine Atmospheric, Geophysical and Astronomical Services 

Administration (PAGASA)

• Indonesia
– Agency for Assessment and Application of Technology (BPPT)
– National Institute of Aeronautics and Space (LAPAN)
– National Coordinating Agency for Surveys and Mapping 

(BAKOSURTANAL)
– Center for Development Studies, Bogor Agricultural University (BSP-

IBP)

Southeast Asia Science Network



NASA LCLUC Southeast Asia Science Team
 

ν USA 
D r. D avid  L . Sko le , D irecto r, Bas ic Science  and  R em o te  

Sens ing  In itia tive , D ep t. o f Geog raphy, Mich igan Sta te  
U n ive rs ity (Principa l Inves tiga to r) 

D r. Maureen C roppe r, U MD  and  The  W orld  Bank 
Mr. Wa lte r C hom e tow s ki, BSR SI, D ep t. o f Geography, 

Mich igan Sta te  U n ivers ity 
Mr. Jay Sam ek, BSR SI, D ep t. o f Geog raphy, Mich igan  Sta te  

U n ive rs ity 
Mr. Will iam  Sa las , U n ive rs ity o f N ew  H am ps h ire  
 
ν Indonesia  
D r. Ir. Ind royono  Soes ilo , BPPT 
D r. Ir. Mahd i Kartas as m ita , LAPAN  
D r. Iw an  Gunum w an, BPPT 
Mr. As ep  Ka rs id i, BPPT  
Ir. Mucham ad  Much lis  JI., LAPAN   
D r. Arco  N u rlam bang , U n ive rs ity o f Indones ia  
Mr. H a rtan to  San jaya , BPPT  
Mr. And i R ahm ad i, BPPT 
D r. S iti Ad ip riganda ri Ad iw os o Sup ra to , U n ive rs ity o f Indones ia
 
ν Philippines  
D r. Flaviana  D . H ila rio , PAGASA 
D r. Virg ilio  S . San tos , N AMR IA 
Ms . Alm a Arque ro , N AMR IA 
Mr. R om eo  Te jada , N AMR IA, 
Mr. Bobby C ris os tom o, N AMR IA 
Mr. Leo  Be lg ria , N AMR IA 
Mr. R ode l Las co , N AMR IA 
Ms . Me lo  Jane  R oa, N AMR IA 
Mr. Victo r Bato , N AMR IA 
Ms . So lita  C as tro , N AMR IA 
Mrs . Ernes tine  Gayban, N AMR IA 
Ms . E lm a R ayes , N AMR IA 
Mr. Sunday Langad , N AMR IA 
Mr. Jo jo  Be rna rdo, N ED A 
Ms . C res encia  C ad ien te , N AMR IA 
Ms .  Evange line  Saracan lao , N AMR IA 
 
ν China -Taipe i 
D r. C h in -H ong Sun, N a tiona l Ta iw an U n ive rs ity  
D r. D avid  C hang , N ationa l Ta iw an  U n ivers ity  

 

 

ν M alays ia  
D r. Sha rifah  Mas tu ra  Syed  Abdu llah , D ep t. o f Geog raphy,U n ive rs iti Kebangs aan

Malays ia   
D r. Othm an B in  A. Ka rim , D ept. o f C ivil &  Structu ra l Eng ineering  Facu lty o f 

Eng inee ring , U n ive rs iti Kebangs aan  Ma lays ia   
D r. Abdu l R ah im  Md .  N o r, D ep t. o f Geography, U n ive rs iti Kebangs aan Ma lays ia
D r. Abd . R ah im  Md . N o r, D ep t. o f Geog raphy, U n ive rs iti Kebangs aan  Ma lays ia  
D r. As m ah  Ahm ad, D ept. o f Geog raphy, U n ivers iti Kebangs aan  Ma lays ia  
D r. R ah im ah  Adb . Aziz, D ept o f Anthopo logy and  Socio logy, U n ive rs iti 

Kebangs aan  Malays ia  
D r. Ma im on Abdu llah , D ep t. o f Zoo logy, U n ive rs iti Kebangs aan Ma lays ia  
D r. Zu ria ta  Zaka ria , D ep t. o f C hem es try, U n ive rs iti Kebangs aan Ma lays ia  
D r. Juhari Ma t Akh ir, D ep t. o f Geo logy, U n ive rs ity o f Kebangs aan Ma lays ia  
D r. Maham ud  Is m a il, D ep t. o f C ivil Eng inee ring , U n ive rs iti Kebangs an  Ma lays ia
Mr. Mokh ta r Jaa fa r, D ep t. o f Geog raphy, U n ive rs iti Kebangs aan  Ma lays ia  
Mr. H lm i Kad ir, D ep t. o f Geography, U n ive rs iti Kebangs aan  Ma lays ia  
Mr. Lam  Kuok, D ept. o f Geog raphy, U n ivers iti Kebangs aan  Ma lays ia  
Mr. Alias  Sood , Ma las ia  Fo res try D epartm en t 
Mr. La ili N o rd in , MAC R ES 

 
ν Tha iland 
D r. Yo th in  Saw angdee , Ins titu te  fo r Popu la tion  and  Socia l R es earch  
 Mah ido l U n ive rs ity a t Sa laya  
D r. C harlie  N avanug raha , Facu lty o f Environm en t and R es ou rce  Stud ies   
 Mah ido l U n ive rs ity 
D r. Suw it Ongs om w ang , Fores t R es earch  Office   
 R oya l Fo res t D epartm en t  
D r. C hum pol Wan tanas a rn , D irecto r, Land  U s e P lan ing  D ivis ion  
 D epa rtm en t o f Land  D eve lopm en t 
Mr. Kam ron Sa ifuk, D epa rtm en t o f Land D eve lopm en t  
 Landus e P lann ing  D ivis ion   
Ms . D ara ra t D is bunchong  , R em ote  Sens ing  D ivis ion   
 N ationa l R es earch  C ouncil o f Tha iland   
D r. Pong -In  R aka riya tham , Facu lty o f Socia l Sciences   
 C h iang  Ma i U n ive rs ity  
Pro f. Kas em  C hunkao, Facu lty o f Fores try, Kas ets art U n ivers ity 
 D r. W as an t Pongs ap ich , The  Environm enta l R es earch  Ins titu te , 

C hu la longkorn  U n ivers ity 
Mr. C hetphong Bu tthep, N a tiona l R es ea rch  C ouncil o f Tha iland 
D r. Ja riya  Boon jaw a t, SEA STAR T R C , The  Environm en ta l R es ea rch  Ins titu te , 

C hu la longkorn  U n ivers ity 
 
ν Vie tnam  
D r. H oang  Minh  H ien , H ydro -Me teo ro log ica l Se rvice  o f Vie tnam   
Ms . Tran  Th i Bang  Tam , H ano i Ag ricu ltu ra l U n ive rs ity 
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Southeast Asia LUCC Network Case Study Sites

Philippines
  Magat Watershed, Luzon
  Palawan Island

Vietnam
  Tam Dao National Park 

Laos
  Nam Theun Watershed
  Nam Tha Watershed 

Indonesia
  Citarum Watershed, Java
  Jambi Watershed, Sumatra
  Mahakam Watershed, East Kalimantan

Malaysia
  Klang-Langat Watershed, Selangor
  Sempadi Forest Reserve, Sarawak

Thailand
  Mae Chaem, Chiang Mai
  Phu Sithan, Nakhon Phanom
  Lin Thin, Kanchanaburi
  Eastern Forest, Chachoengsao
  Thung Kha, Chumphon 

dCambodia
  Coastal Zone Area 

Southeast Asia LCLUC Network Case Study Sites



Information Dissemination

• TRFIC (Tropical Rain Forest Information Center)
– An operational site has been established and 

functioning well
– Online to disseminate data and information
– Major protocol for this project
– A few examples of the TRFIC



URL for TRFIC Web Site

Click here to access data port



Click here to access data archive



Click here to access TRFIC Core System



Log in to TCS



Set up query parameters
• Area Type: country



Set up query parameters
• Country: Thailand



Right click in tile to ID scene 

Clink on ID link to enable GeoZoom Browser



Select band combinations and 
display size 

Place cursor over image and click

Change image scale

Place cursor over image and click

Interrogate Data



• Historical Landsat from TRFIC
• Year 2000 Landsat 7 acquisition
• Spot 4 VGT from VEGA 2000 campaign is likely
• MODIS from standard MODLand products
• Calibration data from test sites provided by SE 

Asia GOFC research network teams
• Validation supported with ancillary data at test 

sites
• Data access and distribution using TRFIC 

services; will provide also to GOFC scientists 
(TRFIC can support the Science Team needs as 
well as a distribution/hosting service)

Data Plan: what the project will provide



Data Plan: what the project needs

• Updated Landsat 7 acquisition for 
2001/2002, approximately 300 scenes

• IKONOS acquisition for validation, from 
NASA data buy program, approx. 30 scenes

• Selected ASTER data, approx 80 scenes
• Selected MISR data, approx 20 scenes



• ETM+ acquisition is continuing
• Requested VEGETATION images for 

11/99 – 12/00 period
• Product Development

– Started and will continue into 2nd year
– Validation will start next summer

• Calibration and Validation
– Ongoing till 2002

Work Schedule


